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& Flow sensor assembly. 

© A flow sensor assembly utilizes a flow sensor 12. ^ 
comonsing a silicon cnip oeanng a heating resistor with two 
temperature sensing resistors on the upstream and down- 
stream sides, the resistors oemg formed as thin films extend- 
ing over an etched prt m the chip. The assembly comprises 
the chip and a support means on whicn the chip is integrally 
mounted, the support means being formed to provide a flow 
cnannei 19A m which the flow profile is fully aeveiopea, 
independent of the flow orofiie at the entry to the channel, by 
tne time the fiu»d reacnes the chip. The chip may be flip-chip 
mounted over the channel. Ooerating ctrcurtry 13 is also 
^preferably integral wioth the support means. The support 
" means may be a printed circuit board, a ceramic substrate, or 
< a semiconductor substrate. 
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Marry applications of miniature flow sensors require 
that the flow of air or gas be directed across the sensor in a 
well-controlled manner. Miniature flow sensors can also be 
applied in practice to measuring pressure difference if they 
are property packaged in an appropriate housing. 

For practical pressure difference application, the rate of 
flow through the sensor housing should be regulated to tow 
levels to allow effective use of reasonable filters. Effective 
filtering is required to remove particulates from the gas to 
prevent particulate accumulation on the sensor. A lower 
rate of flow through the housing results in a !owsr amount 
of airborne particulates entering the housing and. results in 
less loading of the fitter and longer meintenance-free. use. 
Also, higt? flow impedance facilitates a broader, base of 
practical pressure difference applications ar, the iower flow 
rates are more tolerable. 

We have realized that a practical .sencor housing for 
miniature flow sensors should be configured so that the gas 
flow rate or velocity profile at the active, sensing ares --of the 
miniature sensor is stable and independent of the- Sow 
velocity profile outside trie housing. That is, the flew profile 
at die sensor should.be substantially, felly-. developed, and 
substantially independern of the flow* profile usstresm of the 
housing' inlet i.e. substantially fully stabilized. , ; \ 

Miniature flow sensors. a»so require cbcuitry and eiac- 
incai connections to. circuitry to drive, read-put signal con- 
dition the sensor response, or otherwise operate the sensor. 

Accordingly the present invention provides, a flow ssn- 
sor assembly comprising a flow sensor having a sensing 
element and support means for supporting the flow sensor, 
characterized in that the support means has formed therein 
a flow channel with the sensor mounted Adjacent thereto 
integrally with the support means, the configuration, of the 
flow channel being such as to provide, at the sensing 
element a stabilized flow profile. 

Various embodiments of the invention will now be 
described, by way of example, with reference to the draw- 
ings, in which: 

Figure 1 is a general view of the flow sensor assembly; 

Figures 2 and 2A are transverse sections of two methods of 
mounting the flow sensor sn the assembly; 

Figures 3 and 3A show transverse and longitudinal sections 
of a thtrd method of mounting the flow sensor in the 
assembly (on a larger scale than Figures 2 and 2A); and . . 

Figures 4 and 5 show transverse and longitudinal sections 
(on a still larger scale) of a preferred form of sensor. 

The present arrangement provides an integral flow 
sensor and channel assembly without the need for secon- 
dary packaging to carry the sensor or circuitry; Prior hous- 
ings involved bonding a miniature sensor to a first-level 
package and electrically connecting the first-level package 
to a second-level package which supports the associated 
electronic circuitry. The present arrangement eliminates the 
need for the first-level package and, at the same time, 
provides means for meeting the flow control requirements 
mentioned above. 

Figure i shows a flow sensor 12 having sensing ele- 
ments 22 and 24 (see Figure 5) and support means 10 for 
supporting the flow sensor. A flow channel 19 is formed at 
least in part by support means 10. Flow channel 19 has an 



inlet 18A and an outlet 18B for providing flow across 
sensing elements 22 and 24, which are located in the 
enclosed flow channel between inlet 18A and outlet 18B. 
Circuitry 13 for operating the sensor, flow sensor 12. en- 
5 closed flow channel 19, and electrical connections 14 be- 
tween the sensor and circuit are all integral to the support 
means 10. 

Flow channel 19 is configured to provide at sensing 
elements 22 and 24 a substantially fully developed flow 

10 profile which is substantially independent of the flow profile 
entering inlet 18A. A miniature flow sensor such as dis- 
closed can respond only to the flow rate at the immediate 
vicinity of its active sensing area A change in the flow 
profile at the sensor will cause a change in sensor response 

75 even if the rate of flow through the channel is the same. 
That is, a sensor can respond to both changes in flow rate 
and to changes in flow profile, and miniature sensors are 
particularly sensitive to changes in both flow rate and flow 
profile. Therefore, in order to realize reliable flow rate and 

20 pressure difference measurements, the flow profile in the 
channel at the sensor should be controlled in order to avoid 
erroneous sensor response. 

Flow profile stability can be realized by making the 
enclosed flow channel between inlet 18A and sensor 12 

25 sufficiently long and continuous such that the flow is sub- 
stantially fully developed at the sensor region of the chan- 
nel. 

TTie embodiments illustrated m Figures 1. 2 and 2A 
utilize a relatively shallow flow channel 19 which provides a 
30 substantially fully developed flow profile at the sensor with- 
out requinng impractical channel lengths. A flow channel 
having a length of 25 mm between inlet 18A and sensor 
12, a height of 0.5 mm, and a width of 2.5 mm is exem- 
plary. 

35 The embodiment "illustrated in Figures i and 2 illus- 

trates flow sensor 12 integral to a semiconductor body 20 
with semiconductor body 20 bonded to the upoer surface 
ti of support piece 10. In this embodiment therefore, 
sensing elements 22 and 24 are not in the same plane as 

40 surface n. so when the flow profile reaches sensor 12, rt is 
disturbed by the sensor (semiconductor body 20). Never- 
theless, rt has been found that if flow channel 19 is 
configured to provide at the sensor a substantially fully 
developed flow profile which is substantially independent of 

45 a flow profile entering inlet 1 8A, the perturbation caused by 
the nominal 0.20 to 0.25 mm thick semiconductor body 20 
does not cause inconsistent results, even though this thick- 
ness of semiconductor body is a significant portion of a 
nominal 0.5 mm height of channel 19 illustrated. 

so Placing sensor 12 an adequate distance from both inlet 

18A and outlet 18B as illustrated in Figure 1 provides the 
option of using the housing for flow in either direction, i.e. t 
by reversing the iniet and outlet while still preserving the 
capability to obtain a substantially fully developed flow cro- 
ss file which is substantially independent of the flow profile 
entering either end of the channel. If such a bidirectional 
characteristic is not desired, the distance between sensor 
12 and outlet 18B can be substantially shortened, thereby 
making the overall device smaller, in other words, for ap- 

60 plications where flow measurements are to be made in one 
direction only (for flow from inlet 18A to outlet 18B), the 
distance between sensor 12 and outlet 18B is not of 
particular importance in obtaining a substantially fully devel- 
oped profile and in obtaining consistent readings of the 

65 sensor. 
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The embodiment Hiustrated in Figure 2A utilizes a 
recess 21 for semtconouctor body 20; in the embodiment 
illustrated, recess 21 results in sensing elements 22 and 24 
being substantially in the same plane as first surface 11. 
While, as explained above, such an arrangement is not 5 
necessary to obtain consistent results, there may be advan- 
tages in some instances to using such a configuration. For 
example, maximum sensor response for the sensor dis- 
closed is obtained by orienting the air flow in a direction 
substantially perpendicular to the edges of the sensing w 
elements 22 and 24. If the onentation of the flow sensor is 
changed, a varying output will result. 

Therefore it may be of advantage to employ means for 
orienting the flow sensor for a desired or optimum response 
to the flow. One example of such a means for orienting the 75 
flow sensor is recess 21 illustrated in Figure 2A. Another 
example results from the flip-chip mounting techniques em- 
ployed in the embodiment illustrated in Figures 3 and 3A 
whereby pads on the sensor and corresponding pads on 
first surface 11 may be located to provide a preferred 20 
orientation. 

The embodiment illustrated in Figures 3 and 3A utilizes 
a channel 19A of substantially semicircular configuration 
wnich may be etched into support piece 10A or otherwise 
formed as desired. Such a channel having a cross-sectional 25 
radius of approximately 0.25 mm and a length of approxi- 
mately 10 mm between the inlet and the sensor is satisfac- 
tory to achieve substantially fully developed flow at the 
sensor. 

In embodiments such as those disclosed, whether the 30 
cross-sectional configuration is rectangular as shown in 
Figure 1, substantially semicircular as shown in Figure 3, . or 
is of some other shape such as souare or round is of 
relatively little concern. What is of significance ts providing 
at the sensor a substantially fully aeveiooed flow profile 35 
which is substantially independent of the flow prof ile, enter- 
ing the inlet In order for this to be accomplished, there 
must be a sufficiently large aspect ratio (e.g. the ratio of 
height or width or cross-sectiona 1 . area to length) for the 
channel length between inlet 18A and sensor 12. 40 

An enclosed flow channel such as disclosed aiso pro- 
vides relatively high flow impedance which iimits/reguiates 
the rate of flow through the housing to levels that allow for 
convenient effective filtering of particulates, due to the in- 
herent limitation of particulates entenng the housing. Also. 45 
as tne cross-sectional area at an upstream filter (not shown) 
is most likely considerably larger than thai of the channel, 
the velocity at the filter will be considerably tower than the 
velocity at the sensor. The low velocity at such a filter 
allows for highly efficient filtration. 50 

An alternative preferred embodiment of me present 
invention is illustrated in Figures 3 and 3A. Shown are a 
flow sensor 12 having sensing elements 22 and 24 integral 
to semiconductor body 20 and support means 10A having a 
first surface HA. An enclosed flow channei 19A is formed 55 
by making a groove in the upper surface HA. running 
below sensing elements 22 and 24, flow channel 19A 
comprising an inlet and an outlet for providing flow across 
sensing elements 22 and 24. Support means 10A com- 
prises means for flip-chip mounting semiconductor body 20, 60 
and the semiconductor body is flip-chip mounted so that 
sensing elements 22 and 24 are positioned over groove 
19A in the support means. It is preferred that the width of 
groove 19A be greater than the length of elements 22 and 
24. Also illustrated is circuitry 13 for generating the sensor 65 
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and electrical connections 14 for connecting the sensor and 
circuitry. Flow channel 19A. sensor 12, circuitry 13, and 
electrical connections 14 are all integral to support means 
10A. 

The conventional flip-chip mounting is accomplished as 
illustrated in Figure 3 with solder bumps 1 7 (or., as an 
alternative to solder, bumps 17 may be comprised of a 
noble metal to reduce corrosion in corrosive environments). 

In the embodiments illustrated, circuitry 13 may be 
connected to flow sensor 12 using conventional thin film (or 
thick film) metallization interconnect^ '14' between the cir- 
cuitry and -Wire ^bbrids 16 (Figures 2 and 2A) or bumps 17 
(Figures 3 and- 3A)> Metallization Iritefb^ ad- 
vantageous H6 : n^maining .feenicios^ 
isYsea^^afi Iccati^^ 

18B; -since covers : 15 or isA^used' niffonnin^-'ihe^encios^' 
■* fl w channel^t^ or 
- 1 lA^ovef 'thSn-'fiJni^riietaJfizaftm frt%^ to 

maintain a seal along the entire interfaced '\ tm . ' "'1 . \ . 
j] r. { ' :: -The prefen^-fbrrn bPflo^ 'seri'ibr is th£t described in 
-our ■-prior "a^licai^'EP ch 134 '859? and. islsHown in 
•1 transverse-arid-'-!^^ 5 
' Briefly, *me-tw<f sensing resistors' 22 ind :P 24 J hrd <&med on 
. two respective triiri film, brid|es"32 afid : 34, wnVcli alsp carry 
-mevtwo'haives^bt a split heater tesiStor ie/iiy^'^siors 
each consist of a : narTbw r §3Ck ; 6r line 
and forth over *the ; bridge seve^'time£ 
try, imdudihgrtHaf of the leads 'toW restore, is^symmetri- 
cal : to. insure- -syrnrnetrical' he^ n conduction properties ! on 
members 32 v ahd 34. The' leads connect to pad . areas for 
; electrical^ comecting sensor f elements 22. 24, 26, and 38 
wim circuitry l3/'- i; 

— Elements 22- arid 24 have a resistance of 1200 fi and 
element 26 has a- resistance "of 520 n. Sensors. 22 and 24 
have a width of ; a^Droxirriatety i OO urn and a length of 
approximateryri75 :: Mm. The' inner edges 76 and 84 of 
sensors 22 and 24 'are one' or two iine widths (5-10 urn) 
away from the adjacent edges of heater 26. 7 

The sensor is manufactured as described in the. above 
specification. Briefly; the resistors are formed on the surface 
of a silicon chip, and suitably protected by silicon nitnde 
layers 28 and 29 on both sides, and a walled depression 
30 is then etched beneath them. A resistor 38 is' formed on 
the main body of the chip to sense the chip temperature. 
(Alternatively; the- depression may 'oe open, Le. continue to 
the edge of the chip; on erther the upstream or the down- 
stream side, as also shown in the above specification.) 
v ■-: The cimurtry 13 comprises a drive bridge circuit which 
.maintains, the heater resistor 1 ^ tem^alure substantially 
consent by -fflearis- of the' drive bridge circuit including 
resistor 38, and an output bridge circuit which compares the 
•resistances M3f the- two sensing resistors 22 and 24. The 
Circuit 13 is integral to support means 10 or 10A and may 
be part of the support piece as discrete components, hybrid 
circuits, tmck film components, or other standard ap- 
proaches to - integrating circuitry wrthm a support piece. 
Support means 10 or 10A may comprise any type of 
support compatible with circuitry, such as a printed circuit 
board, a ceramic substrate, or even a semiconductor sub- 
strate; support means 10 or 1 0A comprising a semiconduc- 
tor substrate could, for example, be a substrate of silicon, 
and such a substrate could include solid state circuitry 
comprising all or part of circuitry 13. 

Typical operating temperatures of heater elements 
such as 26 are in the range of approximately 1 0O-200 °C 
with approximately 160°C above ambient being preferred. 
Using the preferred permalloy element, this can be accom- 
plished with only a few mW of input power. 
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A heater resistance element having a 200-1000 n 
preferred resistance at 25 °C provides the desired power 
dissipation to achieve the preferred operating temperature at 
a convenient vottage of a few V and a convenient current 
of. for example. 2 to 5 mA. 

Claims 



1. A flow sensor assembly comprising a flow sensor (12) 70 
having a sensing element (22, 24) and support means (10, 

10A) for supporting the stow sensor, characterized in that 
the support means has formed therein a flow channel (19, 
19A) with the sensor mounted adjacent thereto integrally 
with the support means, the configuration of the flow chan- 75 
nel being such as to provide at' the. sensing element a 
stabilized flow profile. 

2. A flow sensor assembly according to claim 1 character- 
ized in that the flow sensor is a semiconductor body- and . 20 
the flow channel is a groove in the support means over ~ 
which the flow sensor is flip-chip mounted. 

3. A flow sensor assembly according to either previous 
claim characterized by circuitry (13) for operating the sen- 25 
sor formed integrally with the support means. 

4. A flow sensor assembly according to any previous claim 
characterized in that the support means comprises a printed 
circuit board, ceramic substrate, or semiconductor substrate. 30 
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